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" “1.0 ' INTRODUCTION

During the late 1950°’s and early 1960’s,a series of safety tests were conducted at
the Nevada Test Site (NTS) and Tonopah Test Range (TTR) to determine the effects of
accidental detonation or destruction of a nuclear device. | The device was destroyed by
chemical explosives which caused little nuclear yield, but the explosion dispersed
plutonium (Pu) over large areas at the detonation. sites. Contamination is primarily in
the upper 2 to 10 cm of the soil surface and on vegetation.

The Comprehensive- Environmental Response Compensation and Liability Act
(CERCLA) and the Superfund Amendment and Reauthorization Act (SARA) reguire
remediation of these safety test sites. SARA provides for specific procedures' for various
stages of decontamination of these sites including preliminary assessment,
characterization, remediation and certification for delisun{;. Presently, remediation

~ investigations and feasibility studies are being conducted. .

Approximately 800 ha are contaminated with Pu as a resuit of the safety tests.
For large scale Pu decontamination to occur, approximately 280,000 cubic meters of soil
must be removed from these sites. Existing vegetation at these sites is also
contaminated. Many of the soil decontamination technologies will leave the soil devoid
of organic matter and nutrients: If vegetation were removed .first and decontaminated
separately, the possibility exists to return the cleaned vegetation to the soil. Vegetation
in some zones of contamination may have Pu levels below acceptable limits for ~
decontamination, and therefore can be used as transplants| or for mulch. The ability to
salvage vegetation on these sites will aid in replenishing organic matter and nutrients to
the decontaminated soil, thus reducing site-wide reclamation costs. - .

Previous studies conducted during the early 1970’s at these safety test sites by the
Nevada Appiied Ecology Group (NAEG) indicated that contamination  of vegetation was
the resuit of particle resuspension during wind movement and subsequent superficial

attachment of contaminated particles to plant foliage (Romney et al. 1975).
Contaminated particles, usually less than 44 microns in size, are trapped by hairs and
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Area 13 sites. The vegetation at both of these sites is representative of Mo;ave-er
Basin Transiion Desert. Vegetation at the Tonopah Test Range is representative of the
Great Basin desert. Vegetation contamination data collected by NAEG at the TTR was
limited in the number of species sampied and may not be sufficient to understand
seasonal differences in contamination  at these sites. o

NAEG researchers examined several native piant species at the Area 5 GMX
safety test site to determine the seasonal differences in contamination of leaves (Romney
et al. 1975). They noted slight seasonal changes in superficial contamination of plants
at the site. Leaf samples collected during the growing season indicated that during leaf
development, contamination was lowest at bud-break and a rapid buildup of superficial
contamination occurred within 60 days after leaves emerged. After 60 days,
contamination levels remained relatively stable. It is not known whether seasonal
variations in contamination exist at the other safety test sites.

Because the amount of leaf area within plant canopies can vary seasonally due to
moisture conditions, daylength, and temperature, the determination of seasonal
variability in plant contamination of the dominant species at these sites may aid in the
development of strategies for vegetation removal. For example, if the majority of the
dominant species have bud-break at approximately the same time during the spring, then
site-wide vegetation contamination may be lower than at other times of the year, and

vegetation could be removed at this time.

EG&G/EM Environmental Sciences Department ‘initiated a study in 1990 to
characterize the extent of vegetation contamination of at Area 11 (Site D) of the NTS
and Clean Slate 2 of the TTR. This study will aid in the development of strategies for

vegetation removal or decontamination.  Specific objectives of the study were as follows:
1) to determine the level of vegetation contamination across differing zones of soil
contamination (i.e. ground zero and outward); 2) to determine if differences in amounts
of contamination varied among species within each site; 3) to determine if seasonal

. variation ‘in contamination existed for dominant species at these NTS and TTR sites: and
4) to determine the interactions of each .of the above characteristics. - A secondary
objective was to compare vegetation contamination results with that of the NAEG to
determine if levels of contamination have changed over time.

Vegetation samples were also collected in Area 13 and Double Track of the
Nellis Air Force Range. Sample were collected only once with the objective of using
these to compare to the other safety test sites and to compare with past NAEG

' vegetation contamination - data.



2.0 MATERIALS AND METHODS

Vegetanon samples were collected by removing aboveground plant material from
the dominant species. A species mix sample was collected by randomly sampling species
and mixing the material together. Vegetation samples were collected at each site within

~ each contamination zone. The zones of contamination used were the same as those
designated by Gilbert et al. 1975 in Report NV0-153. T}u’s report documents the
locations, areal extent and contamination levels for soil Pu contamination at each of the
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.' samples in order to determine the Pu:Am ratios for calculauon of Pu load on
aboveground plant matenal :

_  The experimental design implemented for this study was a split-plot model with
zone of contamination and species being the whole plot variables and date of collection
bemg the subplot variable. Significance of variables and interactions was determined :
using the SAS GLM. procedure with an a=0. 05 level of significance (SAS 1989). Mean
separauons were conducted using risher’s Least Significant Difference (LSD) ualﬂg

appropriate error terms produoed by spht-plot analysm of variance.

3.0 RESULTS AND DISCUSSION

.. The interactions of zone of contamination, plant species or mix and collection

date were examined to determine if spatial and temporal differences exist in vegetation
contamination at the Area 11 and Clean Slate sites. The three-way interaction between
these variables is of major concern in this study, but can be difficult to interpret because
of its complexity (Snedecor and Cochran 1980). To interpret the interaction correctly,

. gamma Am 241 means must be examined separately for: 1) each contamination zone for
cach plant species and date of collection; 2) each plant species within each
contamination zone and date of collection; and 3) each collection date for each species
and contamination zone. Graphs representing each of the above sets of means are
presented and interpreted. Results of the statistical analysis of the means in question are
also presented to show variability in vegetation contamination for each level of these

factors.

3.1 Area 11 Vegetation Contamination

' The analysis of variance model for the Area 11 vegetation contamination data
indicated significant main effects (p <0.05) for the species/species mix and zone of
contamination variables. The date of collection variable was not significant. The
interactions between zone of contamination and species, and between zone of
contamination and date of collection were significant. Although the three way

interaction of zone of contamination, plant species and date of collection was not
significant at the a«=0.05level, mean comparisons for this interaction. were conducted
because of the highly significant main effects for zone of contamination and the

' species/species mix variables (Snedec‘pr and Cochran, 1980).



3.1.1 Zone of Contamination Influences.
and date of collection was not

The interaction of zone of contamination, species or mix,

significant for any zone except Zone 5. With the exwpﬁqn of E. nevadensis, vegetation
contamination was significantly greater in Zone 5 for ail specxes and the species mix for -
all dates of collection (Figure 2). Zone 5 leveis of comammauon were generally three to
five t1mcs higher than that of other zones sampled regardlm of pcnod of collecnon




3.1.3 Seasonal' Influencs.

- For all species, contamination across time did not mgmﬁmntly differ within Zones
1,2,3,and 4 (Figure 6). Within Zone 5, significant differences among dates of

~ collection existed within each species and the species mix. However, dates when

vegetation contamination levels were the greatest were not the same.among species. For
example, A. conferrifolia had significantly higher gamma Am 241 levels during January
1991, whereas C. viscidiflorus had significantly greater contamination during October
1990. This again illustrates that phenological differences of each species affects the
variability in contamination levels over time. The greater contamination exhibited during
January byA confertifolia may be the resuit of lack of leaf turnover prior to the flush of
new leaves in the spring and that leaves present had been exposed to contamination for
a greater léngth of time. C. viscidiﬂorw generally flowers during August through October

and sticky exudates are secreted by its flowers. This could lead to greater’ entrapment of

contaminated particles by this specxes

Contamination levels averaged across species for each date of collection within
the separate zones were not significant in Zones 1,2, 3, and 4 (Figure 7). However, in
Zone 5, contamination levels show a gradual trend of increased contamination from the
beginning of the sampling in July 1990 until the January 1991 sampling. After the
January sampling, contamination levels significantly dropped; this may be an indication
of new vegetative growth in May that had yet to be contaminated by resuspension.

3.2 Clean Slate 2 Vegetatlon Contammatlon

 As with the Area 11 vegetation contamination data, the ana]ys:s of variance model
for the Clean Slate 2 vegetation contamination data indicated significant main effects
(p<0.05) for the zone of contamination and species variables. The date of collection
variable was not significant. The two-way interactions between zone of contamination
and . species, and between zone of contamination and date of collection were significant.
Although the three-way interaction between zone of contamination, species and date of
collection interaction was not significant at the «=0.05level, mean comparisons for this
three-way interaction were conducted because of highly significant main effects for the
zone of contamination and species variables (Snedecor and Cochran, 1980).

3.2.1 Zone of Contamination Inﬂuenés.

| Zone of contamination means for each of the species and species mix exhibited a
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contamination than the other .zones, but in some cases the greater contamination was not
statistically significant. This may be related to this species’ phenological differences
over time and the differences in concentraion of Pu in soil in the different zones.






mdlcaung that pnenologlcal pattcms across species were prooably not a mgmﬁmnt
influence on vegcmtxon contarmnauon ‘

3.3 CompaﬁSdn of Contaminated Sites

A comparison of contamination at the various sites will aid in the development of
strategies for handling vegetation during site decontamination. If the sites have
comparable vegetation contamination, then a comprehensive plan could be written for
vegetation handling and use during site decontamination. If the sites do not have
comparable levels, then site-specific plans should be dcveloped to address these aspects

for site decontamination.

Contamination levels of A. conferrifolia. a species common to both the Area 11
and Clean Slate sites, were approximately 25 times greater in the ground zero zone
(Zone 5) at Area 11 (Site D) when compared to the same zone at Clean Slate 2 (Figure

124). Levels of contamination for this species in all zones of Clean Slate 2 were

comparable to Zones 1,2 and 3 of site D in Area 11.

SJD&IUQQDS!MIJAJLQI contaminagion were ohserverl acrass samnline —_

dates among species, the mixed species sample may be best for assessing average
contamination within zones at each of these sites. During sampling of vegetation at Area
13 and Double Track, mixed vegetation was collected to compare to other safety test
sites. ‘Because Area 13 and Double Track were sampled only once, statistical

. comparisons of the mean contamination values for other site and dates cannot be made
because of the unbalanced nature of the data. ‘Figure 12B illustrates mixed vegemtion .
means for zone for Area 11 (Site D), Clean Slate 2, Area 13, and Double Track.
Standard errors of the mean for each zone are given to show within-zone variability and

e e —
!’

Comparisons of the ground zero zones for each of sites show that Site D in Area
11 had the greatest Pu contamination. This site had five to ten times more Pu in mixed
species samples than did the other sites sampied. Zone 4 at the Area 11 site was
comparable to the ground zero zones in Area 13 (Zone 6) and Double Track (Zome 4).
Zones 1,2, and 3 were comparable for all of the sites. Vegetation in these zones could

possibly be decontaminated in the same manner.

3.4 Past and Present Contgnﬁnation Levels

Comparisons of past and present levels of Pu contamination may provide insight



. in this study, past contamination levels for the NAEG data at the various sites were -
calculated by using a weighted mean and standard error (i.e.,a species having a greater

-number of individual samples would be weighted greater|in the overall mean than a
species having a low number of individual samples) of the individual species
contamination means and standard errors found in Romney et al. 1975, Table 1, to
reflect a mixed vegetation sample for each contamination| zone. Statistical mean
separation procedures cannot be used to statistically separate the NAEG weighted means
for mixed vegetation from this studies’ mixed vegetation means due to differences in '

~ statistical designs between the two studies and the unbalanced nature of the data, but

they do 'provide a reference for comparison of these sites.

 Contamination of Pu in soils at Area 11, Site D appears not to ‘have changed over
time (Figure 3) Although soils show higher comammatloln in some zones and lower
‘contamination in others from 1974 to 1991, the variability in these means indicate they
are probably not different. Past and present vegetation eontamination at Area 11, Site D
had similar patterns and variability, indicating that probat?ly no significant change in
vegetation contamination has occurred in 25 years (Figure 13A).

_ Vegetation contamination at the other sites sampled showed little differences over
time. At Clean Slate 2, mean values for this study were somewhat higher in Zones. 3 and
4 when compared to the 1974 means, but the variability 1fn each of these means indicate
that they are probably not different (Figure 13B). Area 13 mean contamination in Zone
6 (ground zero) was greater in 1974 than in 1991 (Figure|14A). Since dates of collection
were not given for the 1974 study, this difference may be |the result of seasonal

differences or may be the resuit of spatial differences in samphng Contamination within
zones at Double Track also did not change significantly over time (Figure 14B). These
comparisons indicate that in the past 25 years, no large mcmses or decreases in ‘
vegetation contamination within zones at these sites has occurred.

4.0 CONCLUSIONS

1. Variations in vegetation contamination occur over time and are inconsistent
~ among. species. At no time of the year do all species exhibit consistently high or
low contamination and. no single species can be u§ed as and indicator of
vegetation contamination. The differences in speqes contamination over time are
probably the resuit of phenological, architectural, and leaf longewty differences
among the plant species. Samples containing a mxxture of species may be the best |
method for assessing average levels of vegetanon contammanon w1tlun zones at

each site.

10




Vegetation contamination levels differed across designated zones of soil
contamination. Vegetation contamination levels were greatest near ground zero
at all sites. Generally, zones the greatest distance away from ground zero had
similar contamination. Vegetation in these outer zones could be treated the same

during decontamination of the sites.

Zone 5 in Area 11 (Slte D) had the greatest vegetation contammauon level of all
sites sampled ‘ .

Comparisons of vegetation contamination data collected dunng the early 1970’s
with that for this study indicate that contamination levels have not changed

suobstantaily over the jast 25 years.

Results of these analyses can be used to.help formulate vegetation removal,
~cieaning, and reuse swrategies during decontamination and revegetation phases at
- the safety test sites on the NTS and TTR. Minimum acceptable levels of ‘
vegetation contamination have yet to be identified for these sites. Once the levels
have been set, site-specific strategies can be developed using this data as a ‘
guideline on how vegetation can be removed, cleaned or reused during

decontamination of these sites.

11
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Figure 5. Gamma americium-241 means (n=12) (nanocuries/g dry vegetation) for
Atriplex confertifolia (ATCO), Chrysothamnus viscidiflorus (CHVI), Ephedra nevadensis
(EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
zones of plutonium contamination averaged across four dates of collection in Area.ll
(Site D) of the Nevada Test Site (NTS). Species means for each zone of contamination
having the same letter are not significantly different (p>0.05)using Fisher’s Least

Significant Difference - (LSD) procedure.
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(EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
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Artemisia spinescens (ARSP), Atriplex confertifolia (ATCO),

Ceratoides lanata (CELA),

Hilaria jamesii (HUA), and a mixture of perennial species (MIX) within zones of
plutonium contamination collécted on four separate dates at Clean Slate 2 of the
Tonopah Test Range (TTR). Zone of contamination means for each species and date of
collection having the same letter are not significantly different (p>0.05) using Fisher’s

Least Significant Difference (LSD) procedure. For nu‘meric

refer to Table 6.
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Figure 9. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Aremisia spinescens (ARSP), Atriplex confertifolia (ATCO), Ceratoides lanata (CELA),
Hilaria jamesii (HA), and a mixture of perennial species (MIX) within zones of - -
plutonium contamination collected on four separate dates at Clean Slate 2 of the
Tonopah Test Range (TTR). Species means for each zone of contamination and
sampling date having the same letter are not significantly different (p>0.05) using .
Fisher’'s Least Significant Difference '(LSD) procedure. For numeric means and standard

errors. refer to Table 8.
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having the same letter are not significantly different (p>0.05) using Fisher’s Least

Significant Difference (LSD) procedure.
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Figure 12. (A) Mean 239-240 Pu for Atriplex confertifolia at Site D in Area 11 of the
Nevada Test Site (NTS) and Clean Slate 2 of the Tonopah Test Range (TTR). (B)
Mean Pu 239-240 for mixed vegetation in Area 11 of the NTS, Clean Slate 2 of the
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Table 1. Ganuma americium-241 means (n= 3)mimnhxdms(SE)(mmmes/gdryvegean)-ﬁrm fertifolia, Chrysotharmms viscidiflorus, Ephedru pevadensis, |
Maodor gt §,wﬂnmnneof;ﬂunmlqmeswﬂmmof|immnMGHmmnnmAmllofﬂreNe\thmsme. Species were sampled an four scparate dates

rpreanting different seasons, MmemmmlmngFudﬂ’slm&guﬁmiDllhmznmhmdSD) Z(mofanannmxmnmwmmﬂnmqm
and date of collection having identical ketters were not significantly different (p>>0.05).

Atriplex Chrysotharmmss Ephedn Menodora Mixture of specics
C e of : . : .
Confaminatin  Mean SE ‘Mean SE - Mean SE “Mean SE Meun SE
July, 1990 A
Zore | 0.00058  0.00006 b 000005 000001 b . 000032 000032a 000066  0.00006 b 0.00083  0.00004 b
Zoe2 000369  0.0008 b 001903 000531 b 000415 000074 a - 001077  0.00060 b 001031  0.00060 b
Zone3 002987  0.00065 b 004677 000000 b 000931 0001404 003710 0006574 b 003247  00042b
Zone 4 006523 001839 &b 015470 005263 b 002519 002112 a 009457 - 0.00207 ab 0.11677  0.03%47 b :
Zoe S 030300  0.06258 a 054600  0.12905 a 0.12510  0.03906 a 029333 001985 a 052000  0.15459 a
Octiber, 1990 _ , ' ‘ _
Zre 1 000053  0.00012 b 00022 000034 b 000040  0.00009 a 0.00071  0.00015 b 000109  0.00025 b
Zme 2 001247 0.00067 b 002787 00052 b 000462 000007 a ~ 001263 000265 b 001145  0.00149 b
o Zone: 3 0MR’3  0.00659 b 00570 QOMBEObL 001787 000067 a 00323  0.00383 b 0.03760  0.00170 b

el Y
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Table 2. Gamma amenichim-241 means (n=12) and stendard emvars (SE) (nanocuries/g dry vegetation) for Atriplex. confertifolia (Atoo), Chrysothamms viscidiflonss (Civi), Ephedra
nevadenss (Epne), Menndora M(M@),uﬂammmofp:mmlqmwswmmmofmmmnmmnofanevthe!Sme. Means represent all

datess of collection combined for each specis and zone. ansqmammmmnmdmngFmin’slmS:guﬁmﬂDﬂammmhmﬂm) Means having identical letters '
within species columns were not significantly diffrent (p>0.05).

Atriplex - o Chrysothamms Ephedra Menodora Mixture of species
Zove of - : - ’
Contwmunation  Mesn SE Mean SE Meem  SE " Mean SE - Mem SE
Zel - 0.00146 000089 b 0.00159 0.00032 ¢ 0.00060 0.00016 ¢ OI(IX)SO 0.00015 C. 0.00080 0.00009 ¢
Ziee 2 - 0.00878 © 000150 b 0.02169 0.0M218 ¢ 0.00510 0.00042 ¢ 0.01169 0.00054 ¢ . 0.0179 0.00173 ¢
Zme3 0.03196 0.00371 b 0.06023 000465 ¢ 0.01439 0.00186 bc 0.03762 ©  0.00249 be 0.03462 0.00207 ¢
Zoed4d - 0.08845 001474 b 0.24311 004633 b 0.04003.  0.00695 &b 0.13593 0.02516 b 0.14553 0.01545 b
ZoeS 043458 011852 & 055875 012134 a 012342 - 0.0218 a 0.42923 0.05840 a 0.47150 0.07178 a
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Table 3. Gamma mmmnn—241 means (n=13) and stanxhtd errors (SE) (nanocuries/g dry vegetation) ﬁr&g_ie_xamfunm (Atoo), Chrysothammss viscidiflorus (Chvi), Ephedra
nevad . PN

(Epoe), Menodora spinesoens (Mesp), and a mixture of perenmial species within zones of phutorium contamination in Area 11 of the Nevada Test Site. Vegdm;mw

collected on four seperate dates representing different seasons. MemsqmﬁnsweoaxhﬂadmngFWslmdSngm&wﬁDnﬂimemﬂSD) Species means within

&mmmqﬂmgdﬁeuﬂm(fummlmvmgKhmmlkﬂuswemggmﬁcuﬂychﬁzml(p>005)

Zaxe 1 Zone 2 Zone3 Zore 4 Zoe 5
Spais Mamn SE Memn SE Mo SE Meu SE Meun SE
July, 1990 ; : .
Atco 0.00058  0.00006 a 000369 000086 a 002987 000065a ~ 00653 001839 a 030300 0.06258 sb
Qvi - 000095  0.00001 a 001903 000531 a 004677 000009 a  O0.I5470 005263 a 054600  0.12905 a
Epne .0.00032  0.00032 a 000415 000074 a 000931 000140a 002519 O0MI12a 012510 00396 b
Mesp 0.00066  0.00006 a 001077 000060 a 003710 000674 a 009457 000207 a 029333  0.01985 b
Mixture 000083 000004 a. 001031 000060 a 003247 000402a  O.I1677 003847 a 052000 01545 a
Outober, 1990 . - . !
. Ao | 000053  0.00012 a 001247 000067 a 003883 000659 a - 009334 004466 a 043267 0.16383 b
Qwi 000232  0.00034 002787 00M52a ° 005710 00080 a  O02M70 0.16902a 082767 042935 a
Epne 000040 000009 a 000462 000007 a 001787 000067 a 003980 001062 005107 001817 ¢
Mesp 000071  0.00015 a 001263 000265a 00323 O00M83Ia 012500 O0M60a 041190 0241l b
Mixtwe ~ 000100  0.00025 a 001145 000149 a 0760 00070 a 014833 00I25a - 052167 O.1454 b
2 o sed O
Ao 000071 - 0.00004 a 001355 003 a 00447 000737 a 013507 OM21a 08113 040777 &
ni 000234 000101 a 002520 000301 a 007870 000885a 029900 0293 a 067733 009416 b
Epne 000120  0.00040 a 000500 000044 a 002018 00052 a _ 005757 001737 a 008283 00193 ¢
Mesp 0.00075  0.00029 a 00RI3 000170 a. 003897 000398 a 02730 - 008406 a 047033 007459 b
~ Mirture 0.00080  0.00006 a 002043 000313 a 004077 00M08a 020333 001387 a 061400 0.17584 b
May, 199] o . :
'Atco 000402  0.00359 a 000543 - 000077 a 001667 00064a 005957 001288 019233 006047 b
i 000074  0.00014 & 001467 000100 a 005837 ©000742a 023700 000900 a  0.18400 002371 b
Eme 000049  0.00017 a 000664 000114 a 001021 000095a 003373 0018 a 022467 001910 b
Mep 000107  0.00057 a 00123 00m@84a 00217 000588 a  00%87 001745a 054133 004846 a
Mixtim: 000046  0.00004 a 000897 000357 a 002763 OOMBS a  O0.11367 00884 a 023033 00369 b




'TuHe 4. Gamma americum 241 mesns (n= 3)mﬂmdndam(mmmmlg¢yvegetm)ﬁr(hfﬁ=mmmofaibdxnh_m folia, Chrysothameis
viscidiflonus

Ephedm pevadenss, Menodora mmdamxnneofpaumalmwxﬂmmofphummmmmmmHofﬂr:NevtheaSm. Memn

sqmmxmmmnnedmﬁdﬂ‘slmsmmﬂaummmheasm Date of collectinn means within the sume species and 20ne having identical ketters were not

significantly different (p>0.05).
Zone 1 Zone 2 Zoe 3 Zone 4 Zoe 5

Pt of collection Mean SE Mem  SE Man  SE Mo SE Moun SE

" Atriplex confirtifidia | | ,

huly, 1990 000058 000006 a 00369 000086 a 002987 000065 a 006523 00189 a 030300 006258 b

Outober, 1990 000053 - 0000128 . 001247 000067.a 003883 00069 a 009394 004668 04367 0168 b

Jarnsary, 1991 000071 0000042 00135 00B34a 00247 000737 a 013507 00221a 081033 040777 a

May, 1991 00042 00MS9 a 000543 000077 a 001667 O0OR64a 005957 00188 a 01933 006047 b

Chrysoduameuss viscidiflorus - ._

hly, 1990 000095 000001 a 00193 000531 a 004677 0000V a 015470 005263 a 054600 0.9 b

October, 1990 00022 000034 a  OO2/87 0003S2a 005710 00080 a 02970 0.16902a  O8&I6] 042935 a

Jamsary, 1991 000234 000101 a - 002520 000301 a 007870 000885 a 029900 004293 a 067733 009416 ab
% May, 1991 000074 00004 a  0OM467 000100 a 005837 000742a 023700 ~ 000900 a 018400 00371 c

—%_ - —' . —

July, 1990 0.00032 0.00032 a 0.00415 0.00074 a 0.00931 0.00140 a - ‘0.02519 0.02112 a 0.12510 0.03906 a -
October, 1990 0.00040 0.00009 a 0.00462 0.00007 a 0.01787 0.00067 a 0.03980 ~ 0.01016 a 0.05107 001817 a
Jarmary, 1991 0.00120 0.00040 a 0.00500 0.00044 a 0.02018 0.00532 a 0.05757 001737 a  0.09283 0.01963 a
May, 1991 0.00049 . 0.00017 a 0.00664___._0.00114-a 0.01021——0.60095-a 003373 0.00918 a 0.22467 0.01910 a
July, 1990 0.00066 0.00006 a 0.01077 0.00060 a 0.03710 0.00674 a 0.09457 0.00207 a 0.29333 0.01985 b
' October, 1990 0.00071 0.00015 a 0.01263 000265 a  0.03223 0.0383 a 0.12500 0.02650 a 0.41190 0.2411 ab
Jarwary, 1991 O.(XlT?S © 0.0009 a 001213 .0.00170 a 0.03897 © 0.00398 a 0.22730 0.08406 a 0.47033 00749 &b
. May, 1991 0.00107 0.00057 a 001123 0.00284 a 0.04217 0.00588 a 0._0968’7 0.01745 a 0.54133 0.04846 a
Mixture of species ' - .
July, 1990 0.00083 0.0004 a 0.01031 0.00060 a 0.03247 000402 a 0.11677 0.03847 a 0.52000 0.15459 a
October, 1990 0.00109 0.00025 a 001145 - 0.00149 a 0.03760 0.00170 a 0:14833 001225 a 0.52167 012454 a
: v]mmy, 1991 0.00080 0.00006 a 002043 0.00313 a 0.04077 0.00408 a 0.20333 0.01387 a 0.61400 0.17584 a
- May, 1991 0.00046 0.0004 a 0.00897 0.00357 a 0.02763 0.00288 a 0.11367 - 0.02884 a 0.23033 0.0369% b
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TaHe §. Ganmaamaicimn—%lmeam(n=15)mmm(SB(Wg'MVWn)MWofphmﬁmmMMhmll ofﬁxeNevathTedSi!em
four separate dates of vegetation collection representing different seasons.  Mean separations were conducted using Fischer’s 1east Significant Difference procedure (LSD).  Date of
ooflection means within the same 20ne of contamination having identical letters were not significantly different (p>0.05).

Zore | Zone 2 " . Zome ) Zoe 4 Zone S
Duate of B
coflaction Mean SE Memn - SE Mean SE Mean SE Mewn SE
July, 1990 . 000067  0.00008 a 0009599 000176 a 003110  0.00356 a 0.09601  0.01706 a 035749 0.05553 be
Ociober, 1990 0.0010f  0.00020 a 001381  0.00219 a 003673 0.00390 @ 0.13735  0.03683 a 0.44899 0.11101 ab
Jamary, 1991 000116  0.00025 a 001526  0.00210 a 00442  0.00560 & 0.18445  0.02768 a - 053297 0.10184 a
May, 1991 000136  0.00071 a - 000939 000121 a 003101 000498 a  0.09896 001885 a 0.27453 0.03913 ¢




jamesii, and a mixture of perenmial species in zones of plutonium oontxmination within the Clean Slate 2 safity shot site at the Tonopeh Test Range, Nevada, Vegetation was oollected

on four separate dates to represent seesans.  Mean seperations were conducted using Fischer’s Least Significant Diffrence provedure (LSD).  Zone of contamination mesns within the
same date of collection and species having identical letters were not significantly diffrent (p>0.06).

N

Zore of

Mixture of species

Contamination . Men

August, 1990
Zone 1 0.00107
Zone 2 0.00341 -

Py,
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- Zone 2 0.00439  0.00167 ¢ 0.00088 0.0001%1 a 000154  0.00026 b 000329  0.00036 c 0.00259

1

Tabke 7. Garmonn arericiur 241 s (o=12) and stavdnd eoes (SE) (nanocriesg chy vegeaticn) for Ak spinescens, Abipleg confitifln, Coruoides g, Hlaria
jamesil, and a mixture of perennial species in 20nes of phutonium contamination within the Clean Slate 2 safity shot site at the Tonopeh Test Range, Nevada. Mean separations wre

condhucted wing Fischer’s Least Significant Difference procedure (1SD).  Zone of contamination means within the same specics column having identical ketters were not significandy
different (p>0.05). : ’ , '
! LR . a .'I ' c .| ]I-] . l lc N of 3 '
© Zone of ' .
Contamirudion Mean SE Mem SE Mean SE Mean SE Mesn SE

Zmel 000128 000017 ¢ 000069 000049 a 000081 00000 b 000037 000010 c 000084  0.00065 ¢ -

. 0.00021 ¢
Zoe 3 0.01318  0.00077 b 0.00298 000032 a 000664  0.00052 a 00128 000095 b 0.00768 0.00064 b

. Zone 4 0.02040  0.00267 a 0.00399 0.00046 a 001019 000122 a- - 02476 000441 a ' 001133  0.00209 a




Table 8. Gammmmmm—%lnms(n—3)uﬂmxhxdmus(SE)(rmnnm/g&yvegemm)hAmM(A@), &m«x\buﬁim(Am),Camdasm
(G:la),H___m(}ﬁp),uﬂamxnneofpamalqmeswnhmmofphtmnmaﬂmmmmmﬂmﬂnaemﬂmzmymmudnTaqnhT&ngqu
Vegetation was oollected an four seperete dutes (o represnt seasons. Mmmpamﬂmmmdnmdmmgﬁdn’slm&gmﬁmﬂmﬁmnmuhe(lbb) Species means
within the same: date of colkction and 2ne of contamination having identical letters were not significantly difierent (p>0.05).

ZONE 1 ZONE 2 ZONE 3 ZONE 4 - - _ »
Spucks Mean SE Mem = SE Mean SE Mean SE
Angust, 1990 : .
Arsp 000107 000020 a . 000341 000024 a 001277  0.00137 a 001597  0.00757 a
Ao - 000048 = 00020 a = 000092 - 0.00034 a 000255 000040 b  0.00485  0.0008 b
Cela © 000078 000015 a 0.00198  0.00051 a 0.00747  0.00109 &b 0.00796 . 0.00180 ab
Hija 000062 000014 s 000346 0.00078 a 0.01064 0.00171 ab 0.2077 000306 a
Mixture 0.00017  0.00017 a 000276 ~ 0.00039 a. 0.00833 -~ 0.00024 &b 0.00663 000135 a
Noverber, 1990
Arsp- 000121 000016 a 000314 0.00088 a 00122  0.00129 a 001653 000223 b
Afoo 0.00025°  0.00013 a 1000067  0.00009 a 0.00358 . 0.00106 b 0.00394  0.00048 d
2 - Cela 0.00073  0.00017 a 000154  0.00009 a 0.00690 0.00132 &b 001331  0.00369 ¢
Hija 0.00051  0.00003 a 0.00258 0.0002 a 001027 000133 &b 003860 001650 a -
Mixure 0.00061  0.00005 a 0.00207 0.00029 a . 0.00589  0.00078 &b 0.00940  0.00051 d
March, 1991 . ' ‘
Arsp 0.00205 0.00024 a 001020 000659 & - 001167 0.00066 & ' 0.01883 - 0.00123 &b
Atoo 0.00193  0.00182 a 0.00068  0.00007_b 0.00237——0.02023- 0:60202—0:00060d
CHA_ o0nioi 0.00008 a 0.00218 _ 0.00051 ab 000518 _NOONS4 b 0.00724 000090 al
Hija 0.00031  0.00M31 a 000435  0.00077 &b 0.01267 000207 a 0.02237 0.0M0R a
Mixture 0.00292  0.0254 a 000280  0.00062 ab 0.00704  0.00130 sb 001132 000385 b
Augus, 1991 ~ -
Asp . 000079  0.00026 a 000072  0.00011 a 001607 000179 a - 0.08027 0.00508 a
At 0.00004  0.00001 a 000124  0.00012 a 0.00343  0.00057 b 0.00517  0.00050 c
Cela 000073 00037 a ~ 00004 000014 a = 000682 000125 b 00123 000112 ke
Hija 0.00006  0.00003 a 000277  0.00083 a 0.00753  0.00207 b 001730 00M17 b
Mixhire ’

0.00007  0.00001 a 000271  0.00046 a 0.00946  0.00173 ab 001795 000664 b




.. Ga?

A ctorricd

spinesoens, MJMM@MamdmwwmmdﬁmmwﬂmhMM2mﬁy
shot site at the Tanopeh Test Range, Nevada, Mmmmsmoudxmdmngﬁﬁa’slm&gnﬁml&mmm) Date of collaction means within the
same spucies and zone having the same ketter were not significantly different (p>0.05).

ZONE { ' ZONE 2 : ZONE 3 ZONE 4
Dute of colluction Man SE Mean SE Memn SE Mem SE
August, 1990 0.00107  0.00020 a 000341 000024 &b - 001277 000137 a 00157 000757 b
November, 1990 0.00121  0.00016 a 000314 000088 ab 00122 0.00129 a 001653 00023 b
March, 1991 . 0005  0.00024 a 001029  0.005% a 0.01167  0.00066 a 001883 000123 b
August, 1991 0.00079  0.00026 a 000072  0.00011 b 0.01607 0.00179 a 003027 000508 a
. Angust, 1990 0.00048  0.00020 a 000092  0.00034 a 0.00255  0.00040 a 0.00485  0.00086 a
Nomenber, 1990 0.00025  0.00013 a 0.00067  0.00009 a 0.00358  0.00106 a 000894 00048 a
March, 1991 000193 000182 a 000068 000007 a 000237 000023 a 000202  0.00060 a
v Angust, 1991 0.00004  0.00001 a 000124  0.00012 a 0.00343  0.00057 a 0.00517  0.00050 a
Cerutoyhs Lanata . B i _
Augut, 1990 . 000078 0000ISa 000198 000051 a 000747  0.00109 a 000796  0.00180 a
Noverrbxr, 1990 000073  0.00017 a 000154 000009 a 000690 000132 a 001331 000369 a
March, 1991 0.00101  0.00008 a 000218  0.00051 a 000538 000054 a ~ 000724  0.00000 a
Augut, 1991 0.00073  0.00037 a 000044  0.00014 a 000682 O000125a . 00123 000112 a
August, 1990 000062 .0.00014 a 000346 000078 a - 0.01064  0.00171 a 0.02077  0.00306 b
Novernber, 1990 0.00051  0.00003 a 000258  0.0002 a 001027  0.00133 a 0.03860  0.01650 a
March, 1991 0.00031  0.00031 a 000435  0.00077 a 001267 000207 a . 00237 00028 b
Angust, 1991 0.00006  0.00003 a 000277  0.00083 a 0.00753  0.00207 a 001730 000217 b
August, 1990 0.00017  0.00017 a 000276 - 0.00039 a 0.00833  0.00024 a 0.00663  0.00135 b
Nowarnber, 1990 - 000061  0.00005 s 0.00207  0.00029 a 0.00589  0.00078 a 0.00940  0.00051 ab
March, 1991 . 000292 00254 a 000280 0.00062 & 000704 0.00130 a 001132  0.00385 ab

- Augudt, 1991 000007  0.00001 a oom7t 0.00046 a 000346 ~ 000173 a 001795  0.00664 a
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Table 10. WMMIms(n-lS)uﬂMdum(SE)(manm/gdrngMxn)ﬁxveymhmmzmofphmxmmmmm:xmﬂunﬂedm&ﬂe2
sufity dhot site et the Tonopeh Test Range, Nevada,  Vegetation was oollected an four separate dates to nprasat seasons. MmmmmmhnullmngFMn’slm

SngnﬁmnDlﬂ'mﬁmpmedne(lSD) Mdﬂﬂmm%m&mmmm“uewsgnﬁmﬂydﬁmﬂp>0m)

Zone 1 Zne? - Zoe 3 Zone 4
Date of 4
Collection ‘ Mesn SE Mean SE Mean SE- Mean SE
Augudt, 1990 - 0.00063 0.00011 a 0.00251 0.00032 a 0.00835 0.00101 a 0.01124 0.00217 b
Nowvember, 1990 0.00066 0.00010 a 000200 - 0.00028 a - 00017 0.00094 a 0.01636 0.00429 a
March, 1991 0.00165 0.00059 a - 0.00406 0.00136 a 0.00782  0.00112 a 0.01236 0.00216 b
August, 1991 000034  000012a . 000158 0.00031 a 0.00866 0.00127 a 0.01658 0.00265 a

RO L K



